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Abstract: 
Magnetization damping is a key parameter to control the critical current and the 
switching speed in magnetic random access memory, and here we report the effect of 
the growth sequence on the magnetic dynamics properties of perpendicularly 
magnetized Ta/CoFeB/MgO structures. Ultrathin CoFeB films have been grown 
between Ta and MgO but with different stack sequences, i.e. 
substrate/Ta/CoFeB/MgO/Ta and substrate/Ta/MgO/CoFeB/Ta. The magnetization 
dynamics induced by femtosecond laser was investigated by using all-optical 
pump-probe measurements. We found that the Gilbert damping constant was 
modulated by reversing stack structures, which offers the potential to tune the 
damping parameter by the growth sequence. The Gilbert damping constant was 
enhanced from 0.017 for substrate/Ta/CoFeB/MgO/Ta to 0.027 for 
substrate/Ta/MgO/CoFeB/Ta. We believe that this enhancement originates from the 
increase of intermixing at the CoFeB/Ta when the Ta atom layer was grown after the 
CoFeB layer. 
 
1. Introduction 
Current-induced spin-transfer torque (STT) is very important in high density 
magnetic media and spintronics devices[1-5]. Regarding the energy consumption, it is 
critcal to find out the method to reduce the critical current that switches the spin 
direction in STT-MRAM application. According to S. Mangin et al[6], the current 
density ܬH?H? is proportional to the Gilbert damping constant Ƚ and effective magnetic 
anisotropic energy ܭH?H?H?H?. Therefore, either decreasing the damping values or 
magnetic anisotropy energy is required to reduce the critical current. However, 
considering the thermal stability of the MTJ devices, we cannot decrease the 
anisotropy energy too much. Thus, it is a better choice to reduce the damping constant 
and at the same time, relatively high magnetic anisotropy energy is preferable. The 
high perpendicular magnetic anisotropy materials such as L10-FePt and Co/Pt 
multilayers[7-10] that are integrated into the magnetic tunnel junction (MTJ) [11,12] 
are reported to both have low damping constant and relative high thermal stability. 
These materials are found to be in the good balance of thermal stability and low 
damping constant. The optimization of the Gilbert damping constant Ƚ is critial to 
achieve a higher thermal stability and a lower threshold current density [13]. A major 
breakthrough in MRAM is the discovery of the perpendicularly magnetized CoFeB 
films sandwiched by MgO and Ta layers, which exhibit not only perpendicular 
magnetic anisotropy, but also moderate magnetic damping constant[14,15]. 
In this paper, we report the effect of the stack growth sequence on the Gilbert 
damping constants in the Ta/CoFeB/MgO structures grown by sputtering. A 
time-resolved optical pump-probe technique was used to investigate the precessional 
dynamics and the magnetization damping. We have observed a remarkable difference 
of the damping constants between the samples grown with different stack sequences. 
The experimental results clearly demonstrate that stack growth sequence plays a key 
role in controlling damping values. . 
 
2. Methods 
We prepared two sets of samples: substrate/Ta (5)/CoFeB (1)/MgO (3)/Ta (5) 
named as sample A and substrate/Ta (5)/MgO (3)/CoFeB (1)/Ta (5) named as sample 
B (numbers are thickness in nanometers). The capping layer and Co40Fe40B20 films 
were deposited on Si (001)/SiO2 substrates by dc sputtering, whereas the MgO layer 
was deposited by rf sputtering. The background vacuum was about  ? J? ? ?H?H? Pa and 
the working argon pressure was 0.5 Pa. After the thin film was deposited, a 
post-annealing process at 300 B? in vacuum ( ? J? ? ?H?H? Pa) was performed for half 
an hour on both of the samples. Static magnetic properties were obtained by using a 
vibrating sample magnetometer(VSM). The surface morphology and roughness were 
analyzed by atomic force microscopy (AFM). The femtosecond pulse train generated 
by a Ti: sapphire laser with a pulse duration of 50 fs and a repetition rate of 1 kHz 
was divided into pump and probe pulse beam. The pump pulse beam with a fluence of 
3.54  ܿ݉H? ?  ZDVIRFXVHGWRDVSRWRIaȝPLQGLDPHWHURQWKHVDPSOHWRH[FLWH
the magnetization precession, while the probe pulse beam with a fluence of 0.06  ܿ݉H? ?  was focused to a spot VL]HRIaȝPLQGLDPHWHUDQGRYHUODSSHGZLWKWKH
pump laser spot on the sample surface [16-20]. The Kerr rotation of reflected probe 
pulse beam was detected by a balanced detector. A mechanical delay line was used to 
generate time delay between pump and probe pulse beams. The magnetization 
dynamics was studied by time-resolved magneto-optical Kerr effect (TRMOKE) 
measurements. A variable magnetic field was applied at an angle of 30° from the 
sample plane resulting in a cant of the magnetization away from the normal of the 
film. All presented results were obtained at room temperature unless otherwise 
specified. 
 
3. Results and discussion 
The magnetic hysteresis loops of sample A and sample B were measured with 
the in-plane and perpendicular magnetic fields using VSM and displayed in Fig. 1(a) 
and (b), respectively. The results display a similar coercivity (ܪH?) and saturation 
magnetization ( ܯH?) between two samples with  ܪH?J?  ?Ǥ ? ? Oe and ܯH?J? ? ? ?  ܿ݉H? ?  for sample A, ܪH?J?  ?Ǥ ? ? Oe and ܯH?J?  ? ? ?  ܿ݉H? ?  for sample 
B. The Hc is defined along the easy axis that is out-of-plane [21-23]. 
The AFM images of the sample A and sample B are shown in Fig. 2(a) and (b), 
respectively. The root-mean-square (RMS) of the surface roughness is about 0.83 nm 
for sample A and about 1.11 nm for sample B, respectively, which suggests that the 
underlayer Ta below CoFeB in sample A might lead to a reduction of the surface 
roughness. However, we found little difference of the ܭH?H?H?H? defined by H?H?Ȁ ? 
between two samples with 1.24  ܿ݉H? ?  for sample A and 1.25  ܿ݉H? ?  for 
sample B, which suggests that the surface roughness has not changed dramatically the 
static magnetic properties, such as the saturation magnetization and the effective 
anisotropy field. More specifically, the effective anisotropy field here mainly arises 
from the interfacial perpendicular anisotropy[8]. 
In pump-probe measurements, the pump laser pulse created a thermal excitation 
of the electron/spin system leading to an ultrafast demagnetization. The magnetic 
order started to recover as electron/spin-transferred energy to lattice and reached a 
new electron/lattice/spin equilibrium within a few picoseconds. As the heat further 
diffused into the surrounding area and down to the substrate, the magnetization was 
partially recovered. Following the recovery of the magnetization, the magnetic 
anisotropy was also recovered, leading to a rise of anisotropy field along the direction 
perpendicular to the sample plane in a time period of tens of picoseconds. Then, the 
magnetization precessed around the initial equilibrium direction of effective field. Fig. 
3(a) shows the geometry diagram of our TRMOKE measurements, and Fig. 3(b), (c) 
show typical TRMOKE curves for the sample A and sample B, respectively. The 
signals were measured at different external magnetic fields (ܪH?H?H?) with a fixed field 
angle ߠH? =  ? ? ?, which is the angle between the normal direction of sample plane 
and the external magnetic field. The data can be analyzed using an exponential 
damped sinusoide [16,24-26], ߠH?J? ܣ݁ݔ݌ሺJ?ݒݐሻ J? ܤ݁ݔ݌ሺJ? ݐ ߬ ? ሻ ݏ݅݊ሺ ?ߨ݂ݐ J? ߮ሻ                           (1)                                    
the first term is an approximate expression for recovery from ultrafast 
demagnetization observed as a slowly changing background;  are amplitudes, and ݒ is the recovery rate of magnetization. The second term corresponds to the damped 
magnetization precession; , ߬, ݂, and ߮ are amplitude, relaxation time, frequency, 
and the initial phase of magnetization precession, respectively[17,27]. From a fit to 
the Kerr rotation spectra, we extracted the values of the ߬ and ݂. 
As shown in Fig. 4(a) and (b), ݂ and  ? ߬ ?  are plotted as functions of ܪH?H?H? for 
the sample A and sample B. The ݂ can be reproduced well by the dispersion 
equation  ?ߨ݂ J? ɀሺܪH?ܪH?ሻH? H? , where ܪH?J? ܪሺߠH?J? ߠሻ J? ܪH?ሺ ߠሻH?, ܪH?J?ܪ ሺߠH?J? ߠሻ J? ܪH?  ?ߠ , ܪH?J?  ? ܭH? ܯH?J?  ?ߨܯH? ?  with uniaxial anisotropy 
constant ܭH?, gyromagnetic ratio ɀ , and ߠH?J?  ? ? ?ሼǣ  ? ? ? ?ሽ, The 
equilibrium angular position ߠ of the magnetization satisfies the function ݏ݅݊  ?ߠ J?ሺ ?ܪ ܪH? ? ሻݏ݅݊ሺߠH?J? ߠሻ. By this analysis procedure, the obtained fitted parameters ܪH? 
for sample A and B are 0.87 and 0.96 KOe, respectively. The fitted values are a little 
less than the measured effective anisotropy filed from the VSM measurement as 
shown in Fig.1 (a) and (b). This may originate from the small remanence along the 
in-plane direction. For each sample, an approximately linear increase in the oscillation 
frequency is observed at high applied magnetic field. When the applied field is 
reduced, a deviation from this linear behavior is seen because the anisotropy field 
contributes to the frequency and the damping becomes much more obvious. The 
magnetization relaxation rate  ? ߬ ?  fluctuates around a constant in sample A, whereas 
decreases considerably in sample B as the external magnetic field increases. This may 
be related to electron-impurity interaction dominating the scattering events caused by 
structural imperfections on the CoFeB/Ta interface[10,28]. 
We calculate the effective Gilbert damping constant by the formula ߙH?H?H?J? ?  ?ߨ݂߬ ? , which includes the intrinsic Gilbert damping constant ߙ and the extrinsic 
contribution. The dependences ofߙH?H?H? are plotted in Fig. 4(c). For the sample A and 
sample B, in the low field regime ߙH?H?H? is large and decreases continuously with 
increasing the magnetic field. While in the high field regime, it varies gently and 
nearly reaches a constant. The undesirable dephasing and inhomogeneous anisotropy 
distribution are suppressed under a strong external field so that the precession is 
closer to a coherent macro-spin mode, and thus the damping constants at high field 
represent the intrinsic Gilbert damping constant. As shown clearly in the inset of Fig. 
4(c), the intrinsic Gilbert damping constant Ƚ is approximately 0.017 for sample A, 
and 0.027 for sample B. For the given thickness at around 1nm within the 
Ta/CoFeB/MgO sample structure, the damping constants obtained in our results are 
consistent with previous reports[3,29,30].It is also reported by G. Malinowski et al 
that the damping values of PMA CoFeB were about 10 times higher than ours when 
the thickness was within 0.45-0.65nm. 
The enhancement of Ƚ for ferro/nonmagnetic interfaces by spin pumping was 
discussed theoretically by Tserkovnyak et al, and the level of enhancement ߙB? was 
expressed as[31],  ߙB? J? ሺB?ߛ  ?ߨܯH? ? ሻሺ݃B?B?ܵH?H?ݐH?H?H?H?H? ? ሻ                                       (2)                                                                   
where ݃B?B? and ܵH?H? denote the mixing conductance and the cross-section area, 
respectively. When sputtered on top of CoFeB, the Ta layer might intermix with the 
CoFeB because the Ta is a heavy metal and has a higher kinetic energy emitted from 
the target. At the same time, the boron atoms diffuse out from the CoFeB layer and 
are absorbed easily by Ta layer during annealing[8,28,32,33]. Considering the 
HTXDWLRQZHEHOLHYHWKDWWKH%DQG7DDWRPVFDXVHĮWRLQFUHDVHE\WKHLQFUHDVHRI
the mixing conductance in the CoFeB/Ta interface. Meanwhile, according to the 
Elliott-Yafet relaxation mechanism, the magnetization damping experiences a 
substantial increase when B and Ta atoms are inside CoFe, originating from a scatter 
of electrons [34,35]. Recently, it was demonstrated that the MgO interface suppresses 
the spin-pumping effect in MgO/FeB/MgO/Ta structures[4,36], and the CoFeB/Ta 
interface plays an important role in enhancing the Ƚ [37]. 7KLVPHDQV WKDWĮ
RI WKH
CoFeB/MgO interface is negligibly small when compared with that of the CoFeB/Ta 
interface. Our work here demonstrates that the growth sequence of the CoFeB/Ta 
interface can further modulate the magnetic dynamic properties.  
4. Conclusion 
In conclusion, we investigated the ultrafast magnetization precession in 
perpendicularly magnetized substrate/Ta/CoFeB/MgO/Ta and 
substrate/Ta/MgO/CoFeB/Ta films by all optical TRMOKE measurements. The 
Gilbert damping constant in these two sample structures shows clearly difference by 
reversing the capping layer and the underlayer, which is related to the increase of the 
mixing conductance in the interface of CoFeB/Ta induced by B and Ta atoms. While 
the static magnetic properties are largely unchanged, the magnetization damping 
depends sensitively on the growth sequence of the CoFeB/Ta interface, which 
provides a new approach to tune the critical current in the MRAM. According to our 
findings, the growth sequence of the MRAM stacks is of great importance in changing 
the damping constants and therefore controlling the critical current in the application 
of MRAM. 
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Fig. 1. (Color online) The M-H loops measured by VSM for (a) substrate/Ta/CoFeB 
(1nm)/MgO/Ta and (b) substrate/Ta/MgO/CoFeB (1nm)/Ta. The open circle shows 
the M-H loop with out-of-plane magnetic field, and the solid square presents the 
in-plane M-H loop. 
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Fig. 2. (Color online) 2D AFM images measured on the surface of films with a 
structure of (a) substrate/Ta/CoFeB (1nm)/MgO/Ta, and (b) substrate/Ta/MgO/CoFeB 
(1nm)/Ta. The images correspond to a 5 Ɋ×5 Ɋ sample area. 
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Fig. 3. (Color online) (a) Schematic of the TRMOKE measurements. Time-resolved 
Kerr rotation traces (solid circles) and fitting curves (red lines) for (b) 
substrate/Ta/CoFeB (1nm)/MgO/Ta and (c) substrate/Ta/MgO/CoFeB (1nm)/Ta films 
annealed at 300 B?, which were measured by applying various external fields directed 
at 60 ? with respect to the film normal direction. 
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Fig. 4. (Color online) The magnetic field dependence of (a) the precession frequency ݂ and (b) the inverse of relaxation lifetime  ? ߬ ? . The solid lines are the fitting lines. 
(c) The effective damping constant ȽH?H?H? as a function of magnetic field. The inset in 
c) is an enlarged view in the vicinity of H = 6500 Oe and the dotted lines are fitted 
curves to the experimental data. Error bar denotes the fitting uncertainties. 
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